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ABSTRACT 
 
Spring migration is an understudied, but important time for waterfowl as conditions faced 
during this period may affect reproductive success.  Therefore, increasing our understanding of 
waterfowl ecology during spring is vital for maintaining desired population levels.  The 
Midwestern United States has lost much of its historical wetland habitat since European 
settlement, yet this area still contains habitat critical for many waterfowl species.  The lower 
Wabash River floodplain, in southeastern Illinois and southwestern Indiana, has been anecdotally 
suggested to contain suitable habitat for large concentrations of migratory waterfowl, but 
currently lacks robust estimates of waterfowl use.  Therefore, I designed and evaluated a grid-
based sampling approach involving replicate counts to examine spatial and temporal trends of 
waterfowl use within the region.  Furthermore, I explored how local habitats and landscape 
metrics influenced waterfowl behavior during this important time period.  I estimated peak 
abundances of >300,000 and >700,000 ducks during early February in 2012 and 2013, 
respectively.  The grid-based sampling approach proved effective for estimating waterfowl 
abundance in this region given its relatively precise estimates (mean CV < 0.30 for dabbling 
ducks), high repeatability of counts, and high detection probability (0.68).  The presence of flood 
water and the amount of open water per site were the best predictors of dabbling duck presence 
while flood water and herbaceous wetlands were the strongest predictors of duck abundance.  
Dabbling ducks spent the majority of their time foraging (55%) with foraging rate greatest in 
emergent, open water, and agricultural habitats.  The natural flooding regime of the Wabash 
River allows this area to provide ample high-quality habitat for large concentrations of waterfowl 
during spring.  Given the juxtaposition of this region in relation to prime wintering and breeding 
grounds, the lower Wabash River floodplain appears to be important for migrating waterfowl.  
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Conservation strategies should be developed to ensure that this region continues to provide high-
quality stopover habitat.  Actions should focus on enhancing existing wetlands as well as 
acquiring or restoring new wetlands to improve the overall quality of stopover habitat for spring-
migrating ducks. 
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CHAPTER 1: GENERAL INTRODUCTION 
 
Conservation and management strategies for migratory birds often focus on enhancing 
breeding habitat.  Successful breeding seasons are obviously necessary for maintaining 
populations, but the non-breeding season can also have a strong influence on populations 
(Newton 2004).  The biannual migrations completed by many birds have not received as much 
attention as the breeding season, with spring migration in particular, being insufficiently 
understood.  Spring migration is costly, as many birds must allocate energy for feather molt, 
thermoregulation, and courtship while competing for depleted food resources and threats related 
to predation and unstable weather conditions (Lindstrom 1989, Badzinski and Petrie 2006, 
Anteau and Afton 2009).  Given that these conditions can have substantial indirect impacts on 
reproductive success during the breeding season (e.g., Marra et al. 1998, Lehikoinen et al. 2006, 
Morrison et al. 2007), it is surprising how little consideration this crucial period has received by 
researchers.   
Among migratory birds, waterfowl are likely the most economically important group 
because of the interest from both hunters and birdwatchers (Hartley 2005, Grado et al. 2011).  
Relative to most avian species, there is considerable information on the distributions and 
abundance of waterfowl during fall migration since this period coincides with the hunting season 
in many states.  However, as with most bird species, information about spring migration is 
comparatively rare.  We do know that increasing nutrient reserves during spring is essential for 
waterfowl as these resources serve to fuel migration and are used in subsequent reproduction.  
Anteau and Afton (2004) postulated the “spring condition hypothesis” which posits that nutrition 
during spring migration influences survival, breeding success, and consequently population size.  
Many studies have supported this assertion showing that better spring body condition is 
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associated with early nest initiation date, large clutch sizes and overall high reproductive success 
(MacCluskie and Sedinger 2000, Devires et al. 2008, Guillemain et al. 2008).   
To better implement management plans for habitat areas during spring migration, data on 
waterfowl use is essential.  Due to their conspicuous and gregarious nature, assessing waterfowl 
use across a region is often done through aerial surveys.  Aerial surveys for non-breeding 
waterfowl have been used since the 1930s, but historical survey methods, which routinely lack 
robust sampling approaches, have been recently called into question (Heusmann 1999).  
Historical methods are termed “inventories” and often are treated as complete counts even 
though they fail to generate estimates of precision, account for imperfect detection, or sample in 
a way that is generalizable to larger study regions (Pearse et al 2008a).  Furthermore, inventories 
are generally conducted in areas of consistently high waterfowl use and may ignore other areas 
with significant duck concentrations.  Additionally, these inventories are expected to produce 
representative counts of waterfowl use for a designated time period, yet the repeatability of these 
counts is often overlooked.   
To start improving upon some of the issues associated with earlier aerial survey 
approaches, researchers have begun to incorporate probability-based sampling techniques to 
obtain robust estimates of non-breeding waterfowl abundance in large-scale study regions (e.g., 
Conroy et al. 1988, Reinecke et al. 1992, Pearse et al. 2008b).  These approaches have been 
successful in obtaining precise estimates of wintering waterfowl populations along the Atlantic 
coast and within the Mississippi Alluvial Valley.  Their suitability for use in smaller-scale 
regions, or during spring migration, has yet to be tested. 
Imperfect detection, often termed “visibility bias” in aerial surveys, has also received 
recent attention.  Visibility rate is important due to the fact that it can lead to negatively biased 
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estimates (Smith et al. 1995).  Attempts to account for imperfect detection have varied in 
methodology and success.  Koneff et al. (2008) and Vrtiska and Powell (2011) both used 
multiple observers in their surveys, however this method assumes that each observer has equal 
sighting probabilities and can be difficult to implement in populations exhibiting densely 
clumped distributions, such as spring migrating waterfowl (Pollock and Kendall 1987).  Decoys 
have been used to model detection probability and count bias (Butler et al. 2007, Pearse et al. 
2008a) but this method is expensive and hard to implement for large group sizes.  Using replicate 
counts to model detection probability has been used counts for other wildlife species but has yet 
to be applied for aerial counts of waterfowl.        
 In addition to obtaining estimates of waterfowl use, it is important to understand factors 
influencing waterfowl distribution and abundance.  Ducks have been shown to respond to 
wetland habitat complexes at the landscape scale (Pearse et al. 2012).  These complexes are areas 
that contain multiple wetlands in close proximity that provide diverse resources for waterfowl 
(Krapu 1974).  This concept has been well supported for wintering populations (Baldassaree and 
Bolen 2006, Pearse et al. 2012), but outside of Webb et al. (2010) we do not have a good sense 
of how landscape-level factors influence duck habitat use during spring.   
 Beyond information on waterfowl use, it is imperative to understand how ducks are using 
different wetlands during spring.  It is thought that ducks mainly use flooded forest and 
agricultural lands as foraging sites while emergent wetlands and open water areas primarily serve 
as areas for loafing and other activities (Reinecke et al. 1989).  Whether ducks follow this pattern 
during spring is not known.  Since food is of utmost importance during spring, and with food 
resources depleted from the fall migration (Gauthier et al. 1992, Greer et al. 2007), areas that 
allow high rates of foraging by ducks should be favored.  Thus, foraging rate may be an indicator 
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of habitat quality (Smith 2007).  Activity budgets have been used to assess behavior during 
winter and spring (e.g., Paulus 1984, Quinlan and Baldassaree 1984, Hohman and Rave 1990), 
but these studies generally do not examine how different factors may affect behavior.  Exploring 
how different local and landscape-level variables may influence behavior could provide further 
insight into the ecology of spring migrating waterfowl as well as recommendations for 
conservation and management actions. 
 Of the four main migration pathways for North American waterfowl, the Mississippi 
Flyway has suffered the most degradation and loss of historical wetland habitat (Dahl 1990).  
Indiana and Illinois in particular, rank among the top states in wetland habitat loss since 
European settlement.  Still, given their location between prime wintering and breeding areas, 
these states provide habitat for waterfowl during migration.  However, outside the Illinois and 
Mississippi River Valleys, robust estimates of waterfowl use in these states during spring 
migration are lacking.  In particular, anecdotal evidence suggests that the lower portion of the 
Wabash River floodplain, which forms the southern border Illinois and Indiana, may contain 
sufficient high-quality habitat to support large concentrations of spring-migrating waterfowl.  
Estimates of waterfowl use in this region are considered a priority information need by natural 
resource agencies (IDNR 2005, Soulliere et al. 2013).  The first of the following chapters 
evaluates how well a probability-based, aerial sampling approach for estimating waterfowl 
abundance applies to this relatively small-scale study region during spring.  The second chapter 
focuses on investigating how landscape factors within the Wabash region influence the presence, 
abundance, and behavior of spring-migrating dabbling ducks. 
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CHAPTER 2: EVALUATION OF A GRID-BASED AERIAL SAMPLING APPROACH 
FOR ESTIMATING REGIONAL ABUNDANCE OF SPRING-MIGRATING 
WATERFOWL 
 
ABSTRACT 
 Probability-based sampling designs for aerial surveys have been proven useful for use on 
estimating wintering waterfowl abundances in large sample areas (e.g. Mississippi Alluvial 
Valley).  The effectiveness of these approaches for estimating abundance of migrating waterfowl 
or in smaller-scale areas has yet to be assessed.  I implemented and evaluated a novel grid-based, 
stratified random sampling design to estimate weekly waterfowl abundance within the Lower 
Wabash River floodplain in southeastern Illinois, and southwestern Indiana, USA during spring 
2012 and 2013.  My results suggest high waterfowl use in this region during spring, with a peak 
estimate of > 700,000 ducks in early February.  Satisfactory estimates of precision and 
repeatability suggest the method was an effective approach for applying probability-based 
sampling designs to small regions and improves upon widely used aerial inventory designs.  
With appropriate modifications, this method may be useful in other regions or with other taxa to 
provide robust population estimates of priority species.  
 
KEY WORDS abundance estimation, aerial survey, duck, probability-based sampling, Illinois, 
Indiana, Mississippi Flyway, repeatability, spring-migration, waterfowl 
 
INTRODUCTION 
The status and trends of waterfowl populations are of great interest to most wildlife 
management agencies given the economic importance of these species (Hartley 2005, Grado et 
al. 2011).  Historically, most conservation and management strategies for migratory birds, 
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including waterfowl, have been implemented during the breeding season, although the non-
breeding season has increasingly garnered attention given the potential influence of this period 
for sustaining populations (Newton 2004, Arzel et al. 2006).  Our understanding of factors 
influencing populations during migration, however, remains incomplete.  In particular, spring 
migration is poorly understood, although recent work has demonstrated that conditions during 
migration can influence survival and subsequent reproductive success (Newton 2006, Morrison 
et al. 2007, Norris and Marra 2007, Devries et al. 2008, Anteau and Afton 2009).  Given the 
importance of this period, advancing our understanding of factors influencing habitat quality 
during spring-migration is critical for maintaining waterfowl populations.  
During spring migration, an important measure for assessing habitat quality within a 
management area is waterfowl abundance.  Regional waterfowl abundance is commonly 
estimated using aerial counts.  Aerial waterfowl counts have been conducted since the inception 
of the Midwinter Waterfowl Inventory in 1935 (Heusmann 1999), and many states and provinces 
employ aerial inventories to monitor waterfowl distribution and trends during the breeding, 
wintering, or fall migration periods.  The Illinois Natural History Survey has conducted aerial 
inventories during fall migration along the Illinois and Mississippi River Valleys since 1948 
(Stafford et al. 2007).  These inventories are single-day surveys conducted weekly, and aside 
from monitoring spatial and temporal patterns of waterfowl abundance, they are used for setting 
dates for hunting seasons, harvest limits, and target areas for conservation.   
Despite the utility of aerial inventories, they remain problematic for a number of reasons.  
The numbers reported by these inventories are often interpreted as complete counts; however, 
their lack of a rigorous sampling design prevents estimation of precision, fails to account for 
imperfect detection, prohibits generalization to un-sampled areas, and may ignore areas of high 
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waterfowl use.  Furthermore, we do not have a good understanding of how well a single day’s 
flight represents waterfowl use during the focal time period for which estimates are produced 
(e.g., a particular week).  Problems with aerial inventories have led to calls for improvement in 
aerial sampling methods (Heusmann 1999).  However, precise estimation is inherently difficult 
for non-breeding waterfowl given their gregarious behavior and resulting strongly clumped 
distributions (Reinecke et al. 1992).  Nevertheless, researchers have made recent advances in 
aerial sampling of wintering waterfowl populations using probability-based sampling techniques 
such as line transects (Conroy et al. 1988, Reinecke et al. 1992, Pearse et al. 2008a).  However, 
these transect-based approaches have been conducted on relatively large sample areas (e.g., 
Mississippi Alluvial Valley, Reinecke et al. 1992, Pearse et al. 2008a).  Attempts to employ 
probability-based sampling techniques for use in smaller regional scales or in estimating regional 
abundance during spring migration, when there is great temporal variation in abundance, has yet 
to be implemented.   
Further knowledge of waterfowl habitat use during spring is critical in areas that have 
sustained significant habitat loss and degradation.  Of the four widely recognized waterfowl 
migration flyways in North America, wetland loss has been most drastic in the Mississippi 
Flyway (Wilen and Frayer 1990).  This reduction is mainly attributed to the large-scale 
conversion of wetlands for agricultural production.  Illinois and Indiana, in particular, rank 
among the top states in the country in terms of wetland loss; over 90% of these states’ original 
wetlands have been converted for other uses, mainly agriculture (Dahl 1990).  Importantly, 
despite extensive wetland losses, these states still provide critical stopover habitat to migrating 
waterfowl populations due to their location between prime wintering and breeding areas.  
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Information on waterfowl use is needed to guide conservation plans yet there are few robust 
estimates of use in these states outside of the Illinois River Valley and Mississippi River Valleys.   
In support of natural resource managers searching for robust quantitative approaches for 
estimating waterfowl abundance during spring migration, I set out to design and evaluate a 
sampling approach generalizable across regions.  To do this, I implemented a grid-based 
sampling approach within the Wabash River region of southeastern Illinois and southwestern 
Indiana, a region thought to harbor large quantities of spring-migrating waterfowl.  I examined 
both aerial and ground-based surveys, assessed the repeatability of counts using multiple counts 
per week, and compared the grid-based approach to the traditional aerial inventory method.  
 
STUDY AREA 
I examined waterfowl use within the Wabash River floodplain along the southern border 
of Illinois and Indiana.  The region is an agriculturally dominated landscape, yet anecdotal 
evidence suggests that it may support large concentrations of waterfowl, especially during the 
spring-migration period.  Robust estimates of waterfowl abundance in this area are lacking but 
are considered a top priority by natural resource managers (Illinois Department of Natural 
Resources 2005, Soulliere et al. 2013).  I defined the Wabash River region as the 100-year 
floodplain south of Terre Haute, Indiana, including small sections of the lower Embarras, White, 
Patoka, and Ohio River floodplains (Fig. 2.1).  The area of the study region totaled 199,940 
hectares.   
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METHODS 
I implemented a novel, grid-based, stratified random-sampling approach to estimate 
regional waterfowl abundance.  A grid consisting of 769 grid cells, each 260 hectares (1 mi
2
), 
was superimposed onto the study area (Fig. 2.1).  Based on consultations with the pilot, a grid-
cell size of 260 ha was selected because it was the size of subunit deemed to be efficiently 
sampled via plane.  A larger cell size would likely result in a greater number of birds not 
observed.  A smaller cell size would lead to more cells being sampled per survey, thus increasing 
the amount of turns made by the plane which could translate to more observer fatigue. To 
implement a stratified random-sampling approach, I divided the grid into 4 strata based on major 
geographic features such as major cities and roads.  The northernmost stratum (A) consisted of 
251 cells and extended north to south from Interstate-70 to US-50.  Eastern and western 
boundaries were delineated by US-41 and IL Route 1, respectively.  The second stratum (B) 
contained 182 cells and stretched south to IL Route 15/ IN Route 64.  US-41 and IL Route 1 also 
served as eastern and western boundaries.  The third stratum (C) contained 111 cells and was 
bounded by Interstate-64 on the south, IN Route 165 on the east, and IL Route 1 on the west.  
The southernmost stratum (D) stretched to the Wabash River’s confluence with the Ohio River 
and it was bounded on the east by IN Route 69 and on the west by IL Route 1/IL State Road 7.  I 
removed all cells that consisted of a majority of either developed land or upland forest (n = 12) 
due to the low probability of waterfowl using these habitats.  
I sampled waterfowl abundance using 2 separate methods: aerial and ground-based 
surveys.  I conducted weekly grid-based surveys using these 2 methods from mid-January to 
early April during 2012 and 2013.  The grid-based survey design consisted of three components 
each week: a full flight sampling 60 cells, a second flight sampling 15 cells, and ground-based 
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surveys sampling 15-50 cells.  In 2012, 60 unique cells were sampled each week.  A sample size 
of 60 cells was chosen based on the number of cells that could be efficiently sampled during an 
aerial survey.  All 60 were sampled on the full flight, with subsets of those 60 cells resampled 
during the second flight and via the ground.  Sampling effort per stratum was constant each week 
and was allocated based on stratum size (Stratum A: 20 samples, B: 14, C: 8, D: 18).  Aerial 
resamples were chosen randomly and all grid cells that provided sufficient road accessibility 
were resampled via the ground. 
In 2013, I sampled 80 unique cells each week.  Again, 60 cells were sampled on the first 
flight of the week.  On the second flight, 5 new cells were sampled along with 10 resamples of 
the original 60.  In addition to the ground resamples of the original 60 cells, 15 new cells were 
also sampled via the ground.  In contrast to 2012, I subdivided the 4 strata into substrata 
consisting of cells within 800 m of a river and cells outside that distance.  I selected these 
substrata to prioritize sampling areas closer to rivers with greater predicted duck abundance.  
This was intended to improve the precision of estimates.  As in 2012, sampling allocation began 
proportional to stratum size but was optimally allocated each subsequent week, via the Neyman 
method (Cochran 1977): 
nh = n * (Nh * Sh) / [ Σ (Ni * Si)] 
 nh = sample size for stratum h n = total sample size 
 Nh = population size for stratum h Sh = standard deviation of stratum h 
 Ni = total population size Si = total standard deviation 
Theoretically, optimal allocation increases survey precision if standard deviations are known 
(Pearse et al. 2009).  Obviously, standard deviations are not known prior to sampling, therefore I 
optimally allocated sampling effort based on the previous week’s results.  Optimal allocation 
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sometimes suggested that certain strata should not be sampled on a particular survey; therefore, 
to ensure being able to make inferences across the entire study region, I established threshold 
maximum and minimum values for cells sampled per stratum.  No less than 20% of the total cells 
sampled could be placed in the outer 800 m substrata, and, the main strata (A,B,C,D) could never 
contain < 33%  or > 200% of the number of cells it would have received based on allocation 
proportional to size.   
 Aerial surveys were conducted from a fixed-wing aircraft flown at an altitude of 
approximately 75 m and at a speed of 250 kph.  During each aerial sample, the pilot, aided by 
GPS coordinates and a map of each cell, flew along the outside boundary of the grid cell.  The 
observer, sitting in the front passenger seat, recorded the number of each waterfowl species 
observed within the grid cell.  Due to the difficulty of accurately recording birds > 400 m from 
the plane, a pass bisecting the cell was made following completion of the outside pass.  I also 
referenced aerial photographs, taken during summer, to record if non-permanent, flood water 
was present within the cell during the survey, and recorded if birds flushed off the grid cell 
during the aerial sampling. 
 Ground-based surveys were completed from a truck driven at a low speed (< 15 kph).  
Aided by GPS coordinates and a map of each cell, observers drove through all available roads 
within the selected cell, stopping at several spots that offered prime vantage points of the area to 
record abundance of each species present.  If sufficient vantage points were not available from 
the road, the observer would access suitable habitat by foot.  Spotting scopes and binoculars 
were used to aid in the counting of birds.  Observer effort was documented by recording the 
duration (minutes) and distance driven (km) in each grid cell.  
16 
 
 In addition to the weekly grid-based survey, I conducted a weekly aerial inventory on the 
subset of the region thought to contain the greatest abundance of waterfowl.  Time constraints 
prevented an inventory of the entire study area.  The inventory occurred during the second flight 
of each week and covered the Wabash River floodplain from Mt. Carmel, IL south to its 
confluence with the Ohio River as well as portions of the White and Patoka Rivers from their 
confluence with the Wabash River to US-41 (Fig. 2.1).  Inventory protocol consisted of flying 
along the rivers and opportunistically searching for flooded areas containing waterfowl.  I 
divided the inventory route into subunits based on major geographic features to facilitate 
efficiently counting waterfowl, and I recorded the number of individuals per species in each 
subunit. 
Statistical Analyses 
I calculated weekly mean estimates of abundance per cell, along with standard errors and 
coefficients of variations, for total ducks, dabbling ducks, and diving ducks using the 
SURVEYMEANS procedure in SAS 9.2.  The mean estimates and standard errors were 
multiplied by the total number of cells (n = 769) to obtain weekly regional abundance and 
precision estimates.   
To compare the grid-based sampling design with the inventory method, the mean 
estimates and standard errors per cell were generated for the subset of the region where the grid-
based design and inventory method overlapped (Strata C & D).  Mean estimates per cell were 
multiplied by the total number of cells within those strata (n = 336) to obtain weekly abundance 
estimates.  I examined the relationship between aerial grid and inventory methods using a 
Pearson correlation. 
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To evaluate the efficacy of one-time counts for making inferences about waterfowl 
abundance for a particular week, I examined the within-week repeatability of the aerial counts.  
Using the MIXED procedure in SAS 9.2, I modeled the aerial resampled counts of total ducks as 
a function of the original aerial counts (n = 166).  I included a categorical variable of whether or 
not ducks flushed during the original count and the number of days between counts as fixed 
effects.  I incorporated cell identity as a random effect to account for the potential non-
independence of cells that were sampled in multiple weeks.   I used the same procedure to model 
the ground-based resampled counts of total ducks as a function of the original aerial counts (n = 
339).  In addition to flushing and days between counts, the duration of sampling and distance 
driven within each cell on a particular count were included as fixed effects.  Again, cell identity 
was used as a random effect.  The slope of the relationship between original counts and 
resamples was used as a measure of within-week repeatability.  In unbalanced designs, such as 
this, general linear mixed models do not produce exact tests, therefore the Kenward-Roger 
(Kenwood and Roger 1997) modification was used to obtain the correct denominator degrees of 
freedom in both models.  To further investigate within-week repeatability, I also estimated 
detection probability based on the multiple within-week samples, assuming population closure 
within weeks, using occupancy modeling (MacKenzie et al. 2006).  I estimated detection 
probability using the “occu” procedure within the package “unmarked” in R 2.15.2 (Fiske et al. 
2012). 
 
RESULTS  
Between 2012 and 2013, I completed 18 grid-based aerial surveys, sampling 1135 cells 
plus 170 aerial resamples.  Corresponding aerial inventories were completed for 13 of the 18 
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grid-based surveys.  I sampled 285 unique cells together with 321 resamples from the ground, 
driving a total of 3341 km.  I observed 17 different species of ducks in the region with mallards 
(Anas platyrhynchos), northern pintails (Anas acuta), and ring-necked ducks (Aythya collaris) 
being the most abundant (Table 2.1). 
In 2012, I began surveys during the first week of February.  This coincided with the peak 
total duck abundance estimate for the year (Fig. 2.2).  An estimated 302,767 (SE = 73,179) ducks 
were within the Lower Wabash River floodplain that week.  Abundances dropped off 
considerably in the following surveys with no subsequent week having an estimate of more than 
87,000 total ducks.  Due to weather restrictions, surveys were not conducted during the second 
week of February and the third week of March.  
Dabbling ducks comprised the majority of the species composition in 2012.  This group 
peaked during the first week of February with an estimated 289,246 ducks (SE = 69,716) (Fig. 
2.3).  The peak abundance of diving ducks occurred during the final week of February, with an 
estimate of 14,930 ducks (SE = 13,955) (Fig. 2.4). 
In 2013, surveys began during the 3
rd
 week of January to ensure capturing peak 
migration. The peak estimate of total ducks occurred during the second week of February (7
th
 
week of the year) with an estimated 714,624 ducks (SE = 287,552) (Fig. 2.2).  Due to weather 
and mechanical issues, surveys during the final week of February could not be completed.   
Again, dabbling ducks comprised the majority of the species composition in 2013, and 
peak abundance for this group occurred during the second week of February with an estimated 
674,744 ducks (SE = 279,555) (Fig. 2.3).  More diving ducks were observed in 2013 compared 
with 2012, with a peak estimate of 79,537 (33,528) ducks during the third week of March (Fig. 
2.4). 
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I used the coefficient of variation to assess survey precision, as this is the accepted 
measure used for aerial waterfowl surveys (e.g., Reinecke et al. 1992, Eggeman et al. 1997, 
Pearse et al. 2008a).  Surveys achieving low CV have greater probabilities of detecting yearly 
population changes (Eggeman et al. 1997).  Across all 2012 surveys, the mean coefficient of 
variation for total ducks was 0.37 and ranged from 0.24 to 0.43.  Mean CV for dabbling ducks 
was 0.37 with a range of 0.24 to 0.45, while mean CV for diving ducks was 0.58 and ranged 
from 0.40 to 0.93.  With the sampling modifications implemented in 2013, mean CV dropped to 
0.31 for total ducks, ranging from 0.20 to 0.40.  For dabbling ducks CV averaged 0.27 while 
ranging from 0.16 to 0.41.  Meanwhile, mean CV was 0.50 for diving ducks, and ranged from 
0.37 to 0.93. 
Estimates from the grid-based approach and the aerial-inventory method were highly 
correlated (r = 0.93, Fig. 2.5) displaying similar trends in duck abundance throughout both 
seasons (Figs. 2.6 & 2.7).  As expected, due to its inability to extrapolate estimates across an 
entire study region, the inventory method consistently underestimated duck abundance compared 
to the grid-based approach, with a mean difference of 57,955 ducks per survey (SE = 21,455).  
Both detection probability and within-week repeatability of counts were quite high.  
Mean detection probability across both years was 0.68 (SE = 0.035).  The aerial resamples re-
captured 64.5% of the abundance of original counts (Fig. 2.8).  Flushing of birds off the cell 
during a sample did not have a significant effect on repeatability (F1,93.5 = 0.60, p = 0.440), nor 
did the number of days between counts (F1,63.9 = 0.01, p = 0.930).  At first glance, the within-
week repeatability of the ground counts was poor, recapturing only 23.8% of abundance of the 
original counts.  Upon further analysis, however, the flushing of ducks during the original counts 
had a significant positive effect on the resampled counts (F1,175 = 4.24, p =0.041).  This result is 
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counterintuitive, and due to the occurrence of flushing being rare (8.2% of all counts), the model 
was re-run with flushing removed.  With flushing removed, ground-based resamples recaptured 
84.8% of the abundance of original aerial counts (Fig. 2.9).  The number of days between counts 
(F1,302 = 2.26, p = 0.024) had a strong positive effect on the resampled counts; however, this 
relationship was driven by one outlying data point.  Removal of said point rendered the 
relationship nonsignificant (F1,305 = 0.54, p = 0.464).  The duration of the ground count had a 
significant positive effect on abundance during resampled counts (F1,286 = 13.12, p < 0.001), 
while the number of kilometers driven per count (F1,309 = 0.66, p = 0.417) appeared to be 
unimportant. 
 
DISCUSSION 
The grid-based sampling approach appeared to be effective for estimating abundance of 
spring-migrating waterfowl within the Wabash River region.  Relative to the transect-based 
approaches used in larger study regions (e.g., Pearse et al. 2008a), the grid-based approach 
appears to be more suitable for use in small geographic regions because of the logistical 
difficulty of loading the thin, linear shape of the study region with numerous short transects.  
Additionally, the grid-based approach can be easily implemented with ground counts and the use 
of grid cells facilitated evaluation of repeatability and detection probability.  Although 
abundance estimates were not as precise as those reported by previous studies applying transect-
based approaches to large-scale study regions (Reinecke et al. 1992, Pearse et al. 2008a), those 
surveys were more intensive, as they took several days to complete and covered a greater 
proportion of the study area.  The mean coefficient of variation of 0.31 in 2013 was promising 
given that this was a first attempt at implementing this type of approach, and actions taken to 
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improve survey precision in 2013 were successful.  In particular, increasing sample size, adding 
substrata for predicted “high-use” areas, and adaptively allocating sampling effort improved the 
mean coefficient of variation by 10% from 2012.  In 2012, I covered 7.8% of the study area by 
sampling 60 cells per week.  By increasing sample size to 80 cells, the percentage of the region 
sampled weekly in 2013 increased to 10.4%, but efforts to increase sample size so that at least 
15% of the area is sampled per week (115 cells), along with further refinement of the adaptive 
sampling allocation approach would likely continue to improve precision.     
Imperfect detection is a problem inherent to all wildlife surveys that leads to negatively 
biased estimates and is affected by numerous factors including sample unit size, group size, and 
habitat (Smith et al. 1995).  For aerial waterfowl surveys, researches have used several methods 
for accounting for this bias, including double-observer methods (Koneff et al. 2008) and 
sightability models (Pearse et al. 2008b).  In this study, the replicate counts of grid cells allowed 
me to estimate detection probability using a mark-recapture based approach.  My mean detection 
rate of 0.68 compares well with detection rates reported in other waterfowl surveys (e.g., a range 
from 0.47 to 0.84 reported by Koneff et al. 2008, and an estimate of 0.78 reported by Pearse et 
al. 2008b).  This suggests that using repeat counts within a grid-based framework is viable option 
to account for imperfect detection. 
Beyond detection probability, another often-ignored aspect of wildlife counts that I was 
able to assess is repeatability.  Because of a suite of factors, including weather and mechanical 
issues, aerial surveys cannot occur on the same day or time every week.  The high within-week 
repeatability of my counts illustrated that regional abundance estimates were not greatly affected 
by day-to-day variation in cell-specific waterfowl use, providing greater confidence in the 
accuracy of the estimates.  Specifically, one day’s count was a good representation for waterfowl 
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use for an entire week.  Furthermore, the high repeatability observed may lend support for the 
methodology used to calculate duck use-days, which are widely used for estimating energetic 
carrying capacity (e.g., Bowyer et al. 2005, Stafford et al. 2007) 
Moreover, the strong relationship between aerial counts and ground-based resamples 
suggests that supplementing aerial surveys with ground-based sampling of additional areas may 
allow researchers to both cover a larger area in each survey and potentially improve precision in 
abundance estimates.  The relationship between aerial and ground counts was mostly driven by 
ground-based resamples on the edges of the floodplain where few or no birds were observed.  
Nevertheless, ground-based surveys may serve as appropriate surrogates for aerial surveys in 
predicted “low-use” areas and can be completed more cost effectively.   
Overall estimates of waterfowl use, as well as temporal variation in those estimates, were 
similar across both years of the study.  The large discrepancy in peak abundance estimates 
between 2012 and 2013, a difference of 411,857 ducks  may have been caused by several factors.  
First, weather restrictions prevented a survey during the second week of February 2012, a time 
when duck abundance may have been comparable to the estimate from the same period in 2013. 
Second, and more likely, 3 cells with counts of >14,000 ducks were sampled during the second 
week of February 2013 and these abnormally high counts may have overinflated the estimate for 
that week.   
Another noticeable difference between the years was the greater number of diving ducks 
observed in 2013.  The region experienced a drought in 2012 and that may have decreased 
overall water depth, making much of the region unsuitable for divers.  The increase in the 
number of cells sampled weekly in 2013 may also have contributed to the increase in diving 
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ducks, as more cells containing oxbow lakes and other deepwater habits were sampled during 
that year.   
With a peak abundance estimate of > 300,000 total ducks in 2012, and > 700,000 in 
2013, this study confirmed the anecdotal suggestion that the Lower Wabash River Region 
supports large concentrations of non-breeding waterfowl.  This region appears to most important 
for dabbling ducks in late winter and early spring, likely providing high-quality habitat between 
wintering areas and larger migration corridors (e.g., Illinois and Mississippi River Valleys).  To 
my knowledge, no studies have attempted to estimate regional abundance during spring or at this 
scale, so my results could not be directly compared with other findings.  However, peak 
estimates of wintering waterfowl populations in western Mississippi (Pearse et al. 2008a) were 
similar to the peak estimates I observed within the Wabash.  With such large estimates of 
waterfowl use in this relatively small region, the Lower Wabash River floodplain appears to 
contain important habitat for waterfowl during spring. 
 
MANAGEMENT IMPLICATIONS 
Employing a grid-based survey design was effective in applying probability-sampling 
techniques for estimating waterfowl abundance within small regional areas.  The abundance 
estimates produced by this method imply that the Lower Wabash River floodplain is a regionally 
important area for spring-migrating waterfowl, thus, monitoring of populations in this area 
should continue.  Furthermore, this design provides a substantial improvement over inventory-
based surveys and with proper modifications; this method may be adequate for use in sampling 
other regions and/or taxa.   
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TABLES AND FIGURES 
Table 2.1. Raw counts of individuals per duck species observed during weekly surveys in the 
lower Wabash River region, Spring 2012-2013. 
 
MALL - Anas platyrhyncos, NOPI - Anas acuta, GWTE - Anas crecca, NSHO - Anas clypeata, 
GADW - Anas strepera, AMWI - Anas americana, BWTE - Anas discors, ABDU - Anas 
rubripes, RNDU - Aythya collaris, LESC - Aythya affinis, CANV - Aythya valisineria, REDH - 
Aythya americana, RUDU - Oxyura jamaicensis, COGO - Bucephala clangula, BUFF - 
Bucephala albeola, COME - Mergus merganser, HOME - Lophodytes cucullatus 
Week MALL NOPI GWTE NSHO GADW AMWI BWTE ABDU RNDU LESC CANV REDH RUDU COGO BUFF COME HOME
Feb 6th 16720 3240 365 230 1825 40 0 140 1025 0 0 0 0 5 0 30 20
Feb 20th 4750 1340 300 110 160 5 0 20 0 0 0 0 0 35 0 5 0
Feb 27th 2245 1110 795 50 35 0 0 30 1110 0 20 0 0 10 0 0 10
Mar 5th 1430 745 355 140 40 0 0 5 100 15 35 0 0 5 0 0 5
Mar 12th 150 585 645 320 20 15 40 0 0 35 5 0 0 0 0 0 0
Mar 26th 40 0 355 300 40 5 160 0 0 0 0 0 0 0 0 0 0
Apr 2nd 75 0 115 175 35 0 105 0 0 0 0 0 0 0 0 0 10
Week MALL NOPI GWTE NSHO GADW AMWI BWTE ABDU RNDU LESC CANV REDH RUDU COGO BUFF COME HOME
Jan 14th 3140 5 0 0 100 0 0 20 0 0 0 0 0 250 0 0 0
Jan 21st 18255 2275 630 15 10 15 5 10 25 0 0 0 0 55 15 0 10
Jan 28th 20420 8700 1130 110 455 25 0 25 1100 10 50 0 0 110 40 20 10
Feb 4th 16105 6650 775 50 570 35 0 10 400 80 455 0 0 0 0 55 15
Feb 11th 20155 7135 1445 1320 790 25 0 5 1870 50 290 0 0 0 15 70 10
Feb 18th 11640 4290 1000 1575 255 25 0 20 2150 50 40 25 0 20 0 0 10
Mar 4th 4630 1245 1050 435 35 10 0 0 2645 0 865 190 0 0 0 80 0
Mar 11th 1365 225 210 265 20 30 0 5 4185 235 620 615 5 5 5 0 5
Mar 18th 615 125 690 530 215 20 40 5 4380 15 235 410 0 5 10 5 0
Mar 25th 730 5 430 495 290 40 125 0 2520 25 15 100 0 0 20 0 5
Apr 1st 30 0 225 605 130 10 230 0 60 30 0 0 20 5 10 10 0
Year MALL NOPI GWTE NSHO GADW AMWI BWTE ABDU RNDU LESC CANV REDH RUDU COGO BUFF COME HOME
2012 25410 7020 2930 1325 2155 65 305 195 2235 50 60 0 0 55 0 35 45
2013 97085 30655 7585 5400 2870 235 400 100 19335 495 2570 1340 25 450 115 240 65
Total 122495 37675 10515 6725 5025 300 705 295 21570 545 2630 1340 25 505 115 275 110
2012
2013
Totals
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Figure 2.1. Location of the lower Wabash River Region and extent of the study area. 
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Figure 2.2. Weekly estimates of total duck abundances (with standard errors) throughout the 
spring-migration period in the lower Wabash River region during 2012 and 2013. 
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Figure 2.3. Weekly estimates of dabbling duck abundances (with standard errors) throughout the 
spring-migration period in the lower Wabash River region during 2012 and 2013. 
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Figure 2.4. Weekly estimates of diving duck abundances (with standard errors) throughout the 
spring-migration period in the lower Wabash River region during 2012 and 2013.  
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Figure 2.5. Relationship between estimates of total ducks generated by the grid-based approach 
and aerial inventory method in the lower Wabash River region, Spring 2012-2013 (r = 0.93).
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Figure 2.6. Comparison of weekly abundance estimates from the grid-based surveys (with 
standard errors) and aerial inventories in the lower Wabash River region during 2012. 
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Figure 2.7. Comparison of weekly abundance estimates from the grid-based surveys (with 
standard errors) and aerial inventories in the lower Wabash River region during 2013. 
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Figure 2.8. Relationship between original aerial counts of total ducks and aerially-resampled 
counts in the lower Wabash River region, Spring 2012-2013. 
b(0) = 219.16 
b(1) = 0.645 
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Figure 2.9. Relationship between original aerial counts of total ducks and ground-resampled 
counts in the lower Wabash River region, Spring 2012-2013. 
 
 
b(0) = -2.6 
b(1) = 0.848 
 
37 
 
CHAPTER 3: LANDSCAPE-LEVEL PREDICTORS OF PRESENCE, ABUNDANCE, 
AND BEHAVIOR OF DABBLING DUCKS DURING SPRING-MIGRATION 
 
ABSTRACT 
 
The importance of spring migration for waterfowl populations has gained increased 
attention as data have indicated that conditions faced during this period can influence survival 
and reproductive success.  Most studies of spring-migrating waterfowl have focused on temporal 
patterns of abundance and more information is needed on relationships between habitat and 
landscape factors and presence, abundance, and behavior of waterfowl during this time period.  I 
conducted aerial waterfowl surveys within the Wabash River region of southeastern Illinois and 
southwestern Indiana during spring in 2012 and 2013 to investigate how landscape-level metrics 
influence the presence and abundance of mallards and other dabbling ducks.  Additionally, I 
conducted behavioral observations on groups of dabbling ducks to examine how behavior varied 
among wetland habitat types and with respect to landscape context.  The occurrence of flooding 
and the proportion of open water within study sites had the strongest influence on the presence of 
both mallards and other dabbling ducks.  The presence of flooding and the proportion of 
herbaceous wetlands had the strongest influence on the abundance of mallards and other 
dabbling ducks.  Across all species, dabbling ducks foraged at the greatest rates in emergent, 
open water, and agricultural wetlands, and rested the most in flooded bottomland forest sites.  
These results indicate that while dabbling ducks may use a variety of habitats to meet their daily 
needs, landscape-level abundance of herbaceous wetlands may be the most important 
consideration for spring-migrating ducks. 
 
KEY WORDS abundance, behavior, dabbling ducks, foraging, habitat, landscape, mallards, 
presence, spring migration 
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INTRODUCTION 
 
The ecology of waterfowl during spring migration has begun to receive increased 
attention because of the potential consequences of this period for reproductive success (Newton 
2006, Devries et al. 2008).  Effectively managing waterfowl habitat during spring is requisite for 
maintaining desired population levels.  Because of the importance of this period, waterfowl may 
seek to maximize energy reserves as they approach the breeding grounds.  Food, however, is 
often a limited resource during spring as foraging during the previous fall migration reduces 
available resources (Brasher et al. 2007, Greer et al. 2007).  Most waterfowl management plans 
are therefore centered on providing food in high-use areas.  To implement such plans, knowledge 
of factors influencing waterfowl presence, abundance, and foraging rates is imperative. 
Habitat selection for birds is influenced by more than just site characteristics at a 
particular location.  Landcover variables at greater spatial scales are known to influence habitat 
selection for many birds (e.g., Jokimaki and Huhta 1996, Saab 1999, Buler et al. 2007).  For 
ducks, habitat use is thought to be concentrated toward wetland habitat complexes (Pearse et al. 
2012).  Part of the justification for such complexes is that areas containing multiple wetlands 
types in close proximity may provide the diverse resources necessary to meet daily requirements 
(Krapu 1974).  Flooded agricultural fields provide high-energy residual corn and soybeans that 
waterfowl often rely on in many regions to meet their energetic needs (Reinecke et al. 1989, 
Sherfy et al. 2011).  Natural habitats, such as open water, and both herbaceous and forested 
wetlands provide seeds and invertebrates important for waterfowl (Tidwell et al 2005, Kross et 
al. 2008).  The importance of wetland habitat complexes at the landscape scale is well 
established for wintering waterfowl (Baldassaree and Bolen 2006, Pearse et al. 2012), yet little 
attention has been paid to their importance during spring migration (but see Webb et al. 2010) .  
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Dabbling ducks use a variety of different habitats during non-breeding periods, and 
behavior may vary among habitat types depending on the primary function of a habitat.  During 
winter, flooded agricultural fields and bottomland forests are generally thought to be used for 
foraging, while marshes, open water areas, and oxbow lakes may be used for resting, courtship, 
and other social activities (Reinecke et al. 1989).  Although these patterns have been established 
during winter, ducks may use habitats differently during spring migration.  Food abundance may 
have been substantially depleted during fall migration and winter, therefore foraging behavior 
may differ due to decreased food availability (Gauthier et al 1992).  In addition, the brief 
duration of spring migration may alter behavior as ducks need to quickly increase energy 
reserves as they make their way to breeding grounds.  Furthermore, the rate of foraging activity 
by waterfowl has been used as a passive indicator of wetland habitat quality (Smith 2007). 
Despite this, factors affecting foraging strategies and other behavioral patterns have not been 
well documented during spring migration (Arzel et al. 2006).   
Wetland habitat has decreased across much of North America since European settlement, 
and conversion of wetlands to agricultural uses within the Mississippi Flyway, has been 
particularly great (Wilen and Frayer 1990).  Despite being agriculturally dominated, the Wabash 
River floodplain in southeastern Illinois and southwestern Indiana supports large numbers of 
spring-migrating waterfowl (Chapter 2).  Because of the conservation and management priority 
of this region, I set out to determine how landscape-level predictors influenced the presence and 
abundance of mallards and other dabbling ducks while also examining how dabbling duck 
behavior differed among habitats and as a function of landscape level context. 
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STUDY AREA 
 
I examined patterns of waterfowl habitat use and behavior within the Wabash River 
floodplain along the southern border of Illinois and Indiana.  I defined the Wabash River region 
as the 100-year floodplain south of Terre Haute, Indiana, including small sections of the lower 
Embarras, White, Patoka, and Ohio River floodplains (Fig. 3.1).  The area of the study region 
totaled 199,940 hectares.  Corn and soybean fields dominate the landscape, making up 32% and 
22% of the area respectively.  Forested, herbaceous, and open water areas made up 20%, 8%, 
and 8% of the region respectively. 
 
METHODS 
 
I divided the Lower Wabash River floodplain into a grid containing 769 cells, each 260 
hectares.  I conducted aerial and ground-based surveys from 6 February to 2 April, 2012, and 14 
January to 6 April, 2013 to record dabbling duck presence and abundance.  In 2012, 60 cells 
were randomly selected to be aerially sampled each week with 15 aerial resamples and between 
15 and 30 cells being re-sampled with ground-based surveys.  The aerial resamples were chosen 
randomly while cells were chosen for ground-based sampling based on road accessibility.  In 
2013, 80 cells were randomly chosen to be sampled weekly, 65 were sampled by plane and 15 
sampled from the ground.  Ten of these cells were resampled aerially with 0 and 20 resampled by 
ground-based surveys.  Aerial counts were conducted from a single-engine, fixed-wing aircraft 
flying at an altitude of approximately 75 m and a speed of 250 kph.  During each sample, the 
pilot flew along the outside boundary of the cell while the observer recorded number of 
individuals per species present.  A pass bisecting the cell was made following of completion of 
the outside pass due to the inability to accurately count and identify birds within the center of the 
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cell.  In addition, I referenced aerial photographs, taken during summer, to record if non-
permanent, flood water was present within the cell during the survey.  Ground-based counts were 
conducted by driving through all roads within a cell at a low speed (< 15 kph) and stopping and 
enumerating all encountered waterfowl with the aid of binoculars and a spotting scope.  
Additionally, I stopped and scanned all suitable habitats for the presence of waterfowl.  The 
duration of each count (minutes) and the distance driven (km) in each grid cell were recorded to 
account for sampling effort. 
I quantified landscape metrics using the 2012 Cropland Data Layer (USDA National 
Agricultural Statistics Service).  I used the Geospatial Modelling Environment (Beyer 2011) to 
calculate the proportion of each landscape cover class within each grid cell.  The landscape cover 
classes included: corn, soy, forest, open water, woody wetlands, herbaceous wetlands, pasture, 
hay, and grassland.  Based on my observations, the Cropland Data Layer often misclassified 
herbaceous wetlands as other herbaceous vegetation types, generally pasture, hay, or grassland.  
These herbaceous cover types were rare within the study area, therefore I combined herbaceous 
wetlands, pasture, hay, and grassland into a category for total herbaceous land.  I also included a 
category of total woody area, combining forest and woody wetlands, for the same reason.  In 
addition, I  calculated the distance from the center of each cell to a river (Wabash, Ohio, 
Embarras, White, or Patoka) using the near tool within ArcGIS 10 (Environmental Systems 
Research Institute, Redlands, CA).  Summary statistics for the amount of each land cover 
category across sampled cells are presented in Table 3.1. 
Groups of dabbling ducks used for behavioral analyses were located based on aerial 
surveys and opportunistic encounters.  I visited wetlands between sunrise and sunset to record 
behavioral observations using both scan and focal samples (Altmann 1974).  Scan sampling 
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consisted of randomly selecting a group of ducks and moving a spotting scope across the group 
while simultaneously recording the instantaneous behavior of each duck.  I conducted focal 
samples by randomly placing the spotting scope on a group of ducks and choosing an individual 
closest to the center of the field of view.  For each 5 minute sampling period, the instantaneous 
behavior of the focal duck was recorded on every 15 second interval.  Behavior categories 
included foraging, resting, locomotion, alert, comfort, courting, and agonistic (Paulus 1984).  For 
behavioral observations, I also recorded whether the group of ducks was observed within a 
flooded agricultural field, emergent wetland, open water wetland, or flooded forest.  To explore 
how behavior changed with respect to landscape context, I used ArcGIS 10 to create a 5 km 
buffer around each behavior site. I used a radius of 5 km as this has been suggested as a cruising 
range distance for ducks within stopover sites (Webb et al. 2010).  I used the Geospatial 
Modeling Environment (Beyer 2011) to calculate the proportion of the following land-cover 
variables within each buffer: corn, soy, open water, forest, woody wetlands, total woody area, 
herbaceous wetlands, and total herbaceous land. 
Statistical Analyses 
 
I developed a set of 14 candidate models using the percentages of landscape metrics per 
cell to explain cell-specific dabbling duck presence and abundance (Table 3.2).  I conducted 
separated analyses for mallards and other dabbling ducks because sample sizes were not large 
enough for to look at individual species other than mallards.  To model duck presence, I used 
generalized linear mixed models with a binomial distribution and logit link function using the 
GLIMMIX procedure in SAS 9.2 (SAS Institute, Cary, NC).  I used general linear mixed models 
with a normal distribution to model duck abundance.  While residuals did not fit the assumption 
of normality, general linear models have been shown to be robust to this assumption (Schmider 
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et al. 2010).  In all models, I incorporated cell identity, week, and year as random effects to 
account for potential non-independence of cells sampled multiple times, and to account for 
temporal variation.  I fit models using maximum likelihood estimation and ranked them using 
AICc (Burnham and Anderson 2002).  To account for model-selection uncertainty, I modeled-
averaged predicted values for all landscape metrics included in models that were < 4 AICc units 
from the top model.   
To assess the influence of local habitat and landscape-level metrics on behavior, I merged 
all scan and focal samples together for the 4 most abundant species: mallard, green-winged teal, 
northern pintail, and northern shoveler.  I developed a set of 5 candidate models to explain the 
proportion of time spent in each behavior in the 4 different habitats.  To examine if landscape 
metrics explained any additional variation, I then added 5 sets of landscape variables to the best 
ranking local model (Table 3.3).  I used generalized linear mixed models with a binomial 
distribution and logit link function within the GLIMMIX procedure in SAS 9.2.  Site identity, 
year, and observation type (scan or focal) were included as random effects to account for 
potential non-independence.  I fit models using maximum likelihood estimation and ranked them 
using AICc.  
 
RESULTS 
 
Dabbling Duck Presence & Abundance 
 
I collected data from 1498 samples of 621 different grid cells between 2012 and 2013.  
The model that best explained the probability of presence in both mallards and other dabbling 
ducks included whether or not a cell contained floodwater and the proportion of open water 
(Table 3.4). The probability of mallard presence was 4.6 times (85% CI: 3.9 – 6.1) greater when 
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a cell was flooded than when it was not; the probability of presence for other dabbling ducks was 
7.4 times (85% CI: 6.3 – 10.8) greater when a cell was flooded.  Probability of mallard and 
dabbling duck presence increased with the proportion of open water in a given cell (Fig. 3.2). 
Whether or not a cell was flooded along with the proportion of both woody wetlands and 
herbaceous wetlands were all included in the top models explaining abundance of mallards and 
other dabbling ducks (Table 3.5).  Mallard abundance was 2.3 times (85% CI: 1.7 – 8.6) greater 
when a cell was flooded, and the abundance of other dabbling ducks was 2.4 times (85% CI: 1.9 
– 33.1) greater.  Abundance of mallards and dabbling ducks increased with the amount of 
herbaceous wetland in each cell (Fig. 3.3). The 85% confidence intervals for parameter estimates 
associated with woody wetlands overlapped zero, suggesting it is an uninformative variable 
(Arnold 2010). 
Dabbling Duck Behavior 
 
I conducted behavioral observations on 4 species of dabbling ducks across 114 different 
sites from 2011-2013.  Combining focal and scan samples, 46,320 duck behavior events were 
recorded.  Of these, 57% occurred in agricultural wetlands, 28% in emergent wetlands, 11% in 
open water habitats, and 4% in bottomland forest.  Of the behavioral events, 55% were foraging, 
15% locomotion, 11% resting, 10% comfort, 6% alert, 2% agonistic, and 1% courting.   
There was little model-selection uncertainty in any of the models explaining the 
proportion of time spent in each behavior among local habitat types (Table 3.6).  The global 
model with a species by habitat interaction ranked best for each behavior.  Model predicted 
estimates illustrated that all four species of dabbling ducks foraged more in agricultural, 
emergent, and open water habitats than bottomland forest sites (Fig. 3.4).  Conversely, resting 
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behavior for each species was greater in bottomland forest than the other habitat types (Fig. 3.5).  
Time spent in other behaviors were similar across species and habitats. 
There was great model-selection uncertainty in landscape-level predictors for each 
behavior (Table 3.7).  Dabbling duck foraging rate decreased with increasing amount of forest in 
the landscape (Fig. 3.6).   Time spent alert increased with increasing levels of corn within a 5 km 
radius (Fig. 3.7).  Effects of the other land-cover types on other behaviors were negligible.  
 
DISCUSSION 
 
The presence of flood water in a 260-ha cell was a strong predictor of dabbling duck 
presence and abundance.  This is not surprising since ducks are waterbirds, however it is still 
important to think about as many major rivers no longer have natural flood regimes.  The 
Wabash River contains the longest stretch of free-flowing river east of the Mississippi River 
(Sobat et al. 2006).  Comparative to other large rivers, the lack of dams is unique, and this allows 
it to flood unimpeded in most areas, providing ample habitat for waterfowl. 
The importance of open water for predicting presence was unexpected, given that 
dabbling ducks cannot use deep open water habitats to feed.  Out of the 621 cells sampled, 594 
had at least some open water present, but a few select areas: Gibson Lake, near Mt. Carmel, IL, 
Otter Pond, in Lawrenceville, IL, and the confluence of the Ohio and Wabash rivers, had large 
expanses of open water that nearly always had ducks present.  Gibson Lake is a 14 km
2
 power 
plant cooling pond that often provided the only available open water during below-freezing 
weeks when other wetlands were iced-over.  Due to restricted access, behavioral observations 
could not be conducted on the lake, but given its depth, it is unlikely that ducks were using it as a 
foraging site.  This area, along with the confluence of the Ohio and Wabash Rivers were likely 
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used for resting or roosting.  On the other hand, I was able to conduct behavioral observations on 
Otter Pond.  This pond is an appropriate depth in some areas for dabblers to feed, helping to 
explain the high foraging rate in open water sites illustrated by the behavioral results.   
Beyond flooding and open water, the cover of herbaceous wetlands was a strong 
predictor of dabbling duck abundance.  Similarly, Webb et al. (2010) which found that spring 
dabbling duck abundance within the Rainwater Basin of Nebraska was strongly associated with 
landscape-level cover of emergent wetlands.  Herbaceous wetlands were the rarest cover type in 
the study area, occupying on average 0.9 hectares per cell and a maximum of 30.5 hectares.  This 
low relative abundance of herbaceous wetlands highlights the variable's importance, and 
suggests that even a modest amount of herbaceous wetland habitat is critical for dabbling ducks 
in this highly agricultural landscape.      
Duck abundance during winter has been associated with the amount of agricultural 
wetlands in the surrounding landscape (Elphick 2008, Pearse et al. 2012), and their importance to 
spring-migrating waterfowl has been documented as well (LaGrange and Dinsmore 1989).  But, 
in this study, neither duck presence nor abundance was associated with landscape-level cover of 
crop fields, even when flooded, possibly because of their pervasiveness in the region.  The 
importance of open water for duck presence and herbaceous wetlands in the landscape for 
abundance may suggest that ducks are selecting stopover sites that contain a variety of  habitat 
types, lending support to a focus on wetland habitat complexes.  Food abundance may be greater 
in herbaceous wetlands than crop fields or dabbling ducks may undergo a diet shift during 
spring, making emergent wetlands that offer more nutritious food resources than residual 
agricultural grains favored (Loesch and Kaminski 1989).   
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The large amount of time spent foraging observed across all dabbling duck species in this 
study is similar to the elevated foraging rates during spring, comparative to other seasons, 
reported by Arzel et al. (2007).  My results provide further evidence of the importance of food 
during this time period (Badzinski and Petrie 2006).  Many of the ducks stopping over in the 
Wabash River floodplain still have several thousand kilometers left in their journey to breeding 
grounds; consequently, they need to spend a large proportion of time foraging to acquire the 
necessary nutrients to fuel the remaining migration.   
Dabbling ducks foraged at similar high rates in agricultural, emergent, and open water 
habitats.  Ducks have been shown to spend more time foraging in high-nutrient sites (e.g., 
Nummi et al. 2000) and this could suggest that open water, agricultural, and emergent wetland 
sites are all relatively equal in habitat quality in the Wabash River region.  However, the 
increased time spent alert with greater proportion of corn in the landscape intimates that 
predominately agricultural areas may not be the safest places to forage.  This could suggest that 
the importance of having multiple habitat types in close proximity is important.  When the 
majority of the surrounding area lacks adequate cover for waterfowl, ducks may need to spend 
more time scanning for predators, thereby decreasing their ability to forage at an optimal rate.   
In forested wetlands, resting was the predominant behavior exhibited by dabbling ducks.  
Foraging rate also decreased with greater proportions of forest cover within the landscape, 
indicating that food quality or abundance may be lower in these sites compared with other 
wetland habitats.  Foraging rate, however, does not necessarily translate into food consumption; 
rather, it could imply that ducks need to forage a disproportionate amount of time to exploit 
sparse food resources to meet nutritional needs.  If foraging rate is low, as in forested sites, this 
could imply that ducks are able to exploit food resources more efficiently, thereby reducing 
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foraging time.   More work is needed on the implications of foraging behavior, and abundance 
associations may be a better indicator of habitat quality.   
 
MANAGEMENT IMPLICATIONS 
Keeping the Wabash River largely free of dams and other methods of flood control is 
essential for this region continuing to provide abundant high quality habitat for spring-migrating 
ducks.  In addition, management strategies should focus on conserving or restoring herbaceous 
wetland habitat within the region.  Ideally these wetlands should be targeted in areas near open 
water.  Enhancing existing habitats by augmenting spring flooding where water levels can be 
manipulated may improve seed availability (Greer et al. 2007).  Given the dominance of 
agricultural lands on the landscape, keeping fields flooded at an appropriate depth for as long as 
possible during February and March as well as encouraging farmers to use no-till post-harvest 
practices is also suggested as these practices should increase the amount of available food for 
waterfowl (Sherfy et al. 2011).  
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TABLES AND FIGURES 
Table 3.1. Summary statistics (%) for each land cover class across all sampled 260-ha grid cells 
(n = 621). 
 
   
a
 Number of cells sampled containing each land-cover type 
Land-cover Category #
a
Mean SD Min Max
Corn 620 31.86 19.59 0.00 92.18
Soy 618 22.31 16.04 0.00 83.74
Total woody area 605 20.05 17.07 0.00 82.44
Forest 605 17.89 14.91 0.00 75.99
Open water 564 8.03 13.33 0.00 96.48
Total herbaceous land 621 7.98 8.6 0.03 62.99
Woody wetlands 508 2.16 3.94 0.00 23.52
Herbaceous wetlands 417 0.36 0.95 0.00 11.76
Distance to river (km) 1.73 1.56 0.00 7.93
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Table 3.2. Candidate models used to explain cell-specific presence and abundance of mallards 
and other dabbling ducks in the Wabash River region, Spring 2012-2013. 
 
 
a
 woodywet = woody wetlands; herbwet =  herbaceous wetlands; totalwoody = total woodland; 
totalherb = total herbaceous land 
 
b
 Category of landscape level variables that model represents 
 
 
Model
a Landscape Category
b
Flood Available water
Openwater Available water
Flood, openwater Available water
Flood, woodywet, herbwet Wetlands
Flood, woodywet, herbwet, flood*woodywet, flood*herbwet Wetlands
Flood, corn, soy Agriculture
Flood, corn, soy, flood*corn, flood*soy Agriculture
Flood, forest Forested
Flood, forest, flood*forest Forested
Flood, totalwoody, totalherb Natural lands
Flood, totalwoody, totalherb, flood*totalwoody, flood*totalherb Natural lands
Flood, distance to river Distance to river
Flood, distance to river, flood*distance to river Distance to river
Intercept only Null
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Table 3.3. Candidate models used to explain the proportion of time spent in each behavior at 
local and landscape level scales in the Wabash River region, Spring 2011-2013.  
 
 
a 
woodywet = woody wetlands; herbwet =  herbaceous wetlands; totalwoody = total woodland; 
totalherb = total herbaceous land 
 
b
 Category of landscape level variables that model represents 
Scale Model
a
Landscape Category
b
Local Species
Habitat
Species, habitat
Species, habitat, species*habitat
Intercept only
Landscape Species, habitat, species*habitat Best ranking local model
Species, habitat, species*habitat, openwater Openwater
Species, habitat, species*habitat, woodywet, herbwet Wetlands
Species, habitat, species*habitat, corn, soy Agriculture
Species, habitat, species*habitat, forest Forested
Species, habitat, species*habitat, totalwoody, totalherb Natural lands
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Table 3.4. Relative support for candidate models explaining cell-specific presence of mallards 
and other dabbling ducks observed during aerial and ground-based surveys in the Wabash River 
region, Spring 2012-2013. 
 
 
a
 Number of estimated parameters 
b
 ∆AICc = AICc i – AICc min. Min. for mallards = 1622.13; Min. for other dabblers = 1474.46 
c
 Model weight 
Type Model k
a ∆AICc
b w i
c
Mallards Flood, openwater 4 0 1.00
Flood, woodywet, herbwet 5 14.6 0.00
Flood, woodywet, herbwet, flood*woodywet, flood*herbwet 7 16.2 0.00
Flood, forest 4 18.16 0.00
Flood, totwood, totherb, flood*totwood, flood*totherb 7 20.03 0.00
Flood, forest, flood*forest 5 20.09 0.00
Flood, totwood, totherb 5 20.58 0.00
Flood 3 23.22 0.00
Flood, distance to river 3 24.27 0.00
Flood, corn, soy, flood*corn, flood*soy 7 24.52 0.00
Flood, corn, soy 5 25.34 0.00
Flood, distance to river, flood*distance to river 4 26.23 0.00
Openwater 3 159.84 0.00
Intercept only 2 187.86 0.00
Other Dabblers Flood, openwater 4 0.00 1.00
Flood, corn, soy, flood*corn, flood*soy 7 19.49 0.00
Flood, forest 5 24.22 0.00
Flood, woodywet, herbwet 5 24.66 0.00
Flood 3 25.90 0.00
Flood, forest, flood*forest 3 26.14 0.00
Flood, woodywet, herbwet, flood*woodywet, flood*herbwet 7 26.87 0.00
Flood, distance to river 4 27.92 0.00
Flood, corn, soy 4 28.13 0.00
Flood, totwood, totherb 5 28.20 0.00
Flood, distance to river, flood*distance to river 5 29.21 0.00
Flood, totwood, totherb, flood*totwood, flood*totherb 7 30.09 0.00
Openwater 3 175.93 0.00
Intercept only 2 204.22 0.00
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Table 3.5. Relative support for candidate models explaining cell-specific abundance of mallards 
and other dabbling ducks observed during aerial and ground-based surveys in the Wabash River 
region, Spring 2012-2013. 
 
 
a
 Number of estimated parameters 
b
 ∆AICc = AICc i – AICc min. Min. for mallards = 23039.10; Min. for other dabblers = 21092.00 
c
 Model weight 
 
 
Type Model k
a ∆AICc
b w i
c
Mallards Flood, woodywet, herbwet 4 0 0.54
Flood, woodywet, herbwet, flood*woodywet, flood*herbwet 6 0.3 0.46
Flood, openwater 3 12.7 0.00
Openwater 2 23.3 0.00
Flood 2 45.8 0.00
Flood, corn, soy 4 45.8 0.00
Flood, distance to river 2 45.9 0.00
Flood, distance to river, flood*distance to river 3 46 0.00
Flood, forest 3 46.5 0.00
Flood, forest, flood*forest 4 48 0.00
Flood, totwood, totherb 4 49 0.00
Flood, corn, soy, flood*corn, flood*soy 6 49.3 0.00
Flood, totwood, totherb, flood*totwood ,flood*totherb 6 52.7 0.00
Intercept only 1 58.3 0.00
Other Dabblers Flood, woodywet, herbwet 4 0.00 0.67
Flood, woodywet, herbwet, flood*woodywet, flood*herbwet 6 1.40 0.33
Flood, openwater 3 14.60 0.00
Openwater 2 21.40 0.00
Flood 2 41.30 0.00
Flood, forest 3 41.30 0.00
Flood, forest, flood*forest 4 42.40 0.00
Flood, corn, soy 4 42.60 0.00
Flood, distance to river 2 43.10 0.00
Flood, totwood, totherb 4 43.60 0.00
Flood, distance to river, flood*distance to river 3 44.60 0.00
Flood, corn, soy, flood*corn, flood*soy 6 45.80 0.00
Flood, totwood, totherb, flood*totwood ,flood*totherb 6 47.20 0.00
Intercept only 1 68.30 0.00
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Table 3.6. Relative support for candidate models explaining the proportion of time spent in each 
behavior at the local scale in the Wabash River region, Spring 2011-2013. 
 
 
a
 Number of estimated parameters 
b
 ∆AICc = AICc i – AICc min. Minimum = 24710.17 
c
 Model weight 
Behavior Model k
a ∆AICc
b w i
c
Foraging Species, habitat, species*habitat 5 0.00 1.00
Species, habitat 4 171.03 0.00
Species 3 398.74 0.00
Habitat 3 586.68 0.00
Intercept only 2 794.44 0.00
Resting Species, habitat, species*habitat 5 0.00 1.00
Species, habitat 4 200.64 0.00
Species 3 469.79 0.00
Habitat 3 489.77 0.00
Intercept only 2 752.16 0.00
Locomotion Species, habitat, species*habitat 5 0.00 1.00
Species, habitat 4 89.12 0.00
Species 3 110.84 0.00
Habitat 3 203.07 0.00
Intercept only 2 220.3 0.00
Comfort Species, habitat, species*habitat 5 0.00 0.80
Species, habitat 4 2.84 0.19
Species 3 8.41 0.00
Habitat 3 25.84 0.00
Intercept only 2 29.94 0.00
Alert Species, habitat, species*habitat 5 0.00 1.00
Species, habitat 4 41.38 0.00
Species 3 53.92 0.00
Habitat 3 156.1 0.00
Intercept only 2 170.98 0.00
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Table 3.7. Relative support for candidate models explaining the proportion of time spent in each 
behavior with respect to landscape cover types at the 5 km scale in the Wabash River region, 
Spring 2011-2013. 
 
 
a
 Number of estimated parameters 
b
 ∆AICc = AICc i – AICc min. Minimum = 26380.42 
c
 Model weight 
Behavior Model k
a ∆AICc
b w i
c
Foraging Species, habitat, species*habitat, forest 6 0.00 0.44
Species, habitat, species*habitat 5 1.04 0.26
Species, habitat, species*habitat, totalwoody, totalherb 7 2.34 0.14
Species, habitat, species*habitat, openwater 6 2.74 0.11
Species, habitat, species*habitat, corn, soy 7 4.14 0.06
Species, habitat, species*habitat, woodywet, herbwet 7 13.45 0.00
Resting Species, habitat, species*habitat 5 0.00 0.34
Species, habitat, species*habitat, forest 6 0.74 0.24
Species, habitat, species*habitat, woodywet, herbwet 7 1.58 0.15
Species, habitat, species*habitat, openwater 6 2.05 0.12
Species, habitat, species*habitat, totalwoody, totalherb 7 2.59 0.09
Species, habitat, species*habitat, corn, soy 7 3.67 0.05
Locomotion Species, habitat, species*habitat, forest 6 0.00 0.42
Species, habitat, species*habitat 5 0.92 0.27
Species, habitat, species*habitat, totalwoody, totalherb 7 1.99 0.16
Species, habitat, species*habitat, openwater 6 2.56 0.12
Species, habitat, species*habitat, corn, soy 7 4.80 0.04
Species, habitat, species*habitat, woodywet, herbwet 7 9.41 0.00
Comfort Species, habitat, species*habitat 5 0.00 0.36
Species, habitat, species*habitat, forest 6 0.77 0.25
Species, habitat, species*habitat, openwater 6 1.92 0.14
Species, habitat, species*habitat, woodywet, herbwet 7 2.29 0.11
Species, habitat, species*habitat, corn, soy 7 3.25 0.07
Species, habitat, species*habitat, totalwoody, totalherb 7 3.33 0.07
Alert Species, habitat, species*habitat, corn, soy 7 0.00 0.67
Species, habitat, species*habitat, forest 6 1.89 0.26
Species, habitat, species*habitat, totalwoody, totalherb 7 4.94 0.06
Species, habitat, species*habitat 5 10.98 0.00
Species, habitat, species*habitat, openwater 6 11.05 0.00
Species, habitat, species*habitat, woodywet, herbwet 7 14.77 0.00
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Figure 3.1. Location of the Lower Wabash River Region and extent of the study area.
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Figure 3.2. Predicted probabilities of mallard and other dabbling duck presence with 85% 
confidence intervals at different levels of open water percentage per cell. 
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Figure 3.3. Model-averaged predicted values for mallard and other dabbling duck abundance 
with unconditional 85% confidence intervals at different levels of herbaceous wetlands 
percentage per cell (assuming cell was flooded). 
63 
 
Figure 3.4. Proportion of time spent foraging (with standard errors) among dabbling duck 
species within different habitat types, Wabash River region, Spring 2011-2013. 
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Figure 3.5. Proportion of time spent resting (with standard errors) among dabbling duck species 
within different habitat types, Wabash River region, Spring 2011-2013. 
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Figure 3.6. Proportion of time spent foraging (with 85% CIs) among dabbling duck species with 
respect to the proportion of forest within a 5 km radius, Wabash River region, Spring 2011-2013. 
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Figure 3.7. Proportion of time spent alert (with 85% CIs) among dabbling duck species with 
respect to the proportion of corn within a 5 km radius, Wabash River region, Spring 2011-2013. 
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CHAPTER 4: GENERAL CONCLUSION 
 
 The importance of spring habitat condition for the survival and subsequent reproduction 
of waterfowl implores for a better understanding of waterfowl ecology during spring migration.  
This research examined several aspects of spring-migrating waterfowl ecology within the lower 
Wabash River region by estimating regional abundance, examining factors influencing 
abundance, and exploring factors influencing waterfowl behavior.  As reported in Chapter 2, I 
implemented a novel aerial survey approach to estimate the abundance of migrating waterfowl.  
Overall, the large estimated peak abundance of dabbling ducks highlights the region’s 
importance for waterfowl.  The natural flooding regime of the Wabash River provides prime 
wetland habitat in a critical stopover location for spring-migrating ducks.  The grid-based 
sampling design worked well for implementation within the Wabash River region.  Although, 
abundance estimates were less precise than some larger scale, transect-based surveys, changes 
made in the survey design from 2012 to 2013, including increased sampling intensity and an 
adaptive approach to sampling allocation, markedly improved survey precision.  Furthermore, 
this survey method had high within-week repeatability of counts and high detection probability 
estimates, suggesting that this is an effective approach.  With appropriate additional 
modification, the precision of estimates from the grid-based method may be further improved.  
The flexibility of this design allows this approach to be modified and applied for use in other 
areas or for other taxa.   
In Chapter 3, I found that in addition to the importance of flooding, the presence of 
dabbling ducks was driven by the landscape-scale availability of open water.  Abundance, on the 
other hand, was primarily driven by herbaceous wetland cover.  The large numbers of ducks 
associated with herbaceous wetlands, a relatively rare habitat in this area, suggests that these 
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areas are critical to waterfowl during spring.  Although ducks were observed using flooded 
agricultural areas, my results illustrate the importance of having multiple cover types, 
specifically open water and herbaceous wetlands, in close proximity to help fulfill the daily 
requirements of dabbling ducks.  Behaviorally, dabbling ducks foraged at similar rates in open 
water, emergent, and agricultural wetlands, but intake rate in each wetland type will need to be 
examined in future studies to elucidate optimal habitats for waterfowl during spring.   
Along with educating landowners about the importance of this area to waterfowl, future 
conservation and management plans for this region should prioritize enhancing current emergent 
wetland habitats, as well as acquiring or restoring new wetlands.  Moreover, management of 
hydrology on existing wetlands during spring may provide increased opportunities for providing 
quality stopover habitat for migrating ducks. 
